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NATIONAL TBANSWRTA'PION SAFETY BOARD 
WASEilNGTON, DE.  20594 

AIRCRAFT ACCIDIWT REE'OET 

Adwte& Decembee I?, 1981 

A m  SBYS WESF CISSNA, TU-206, N4862F, 
BIS US. FLIGHT 716, HP-137, N11360, 

FT. COLIdM$/LOVELAND MUNICIPAL AIRPORT 

APRIL 17,1981 

SYPTOPSJS 

COLLISZON 

L o v l a r n ,  COLORBDO 

About 1601:17 m.s.t., April 17, 1981, Air U.S. Flight 716, a Handley ?%e 
HP-137 Getstream, and a Sky's West Parachute Center Inc., Cessna TU-256 collided in 

Loveland, Colorado. 
midair about 2 nmi east-southeast of the Ft. CoHins/Loveland Municipal Ai-?, 

The C e s n a  had departed from the Ft. CoUins/toveland Municipal A i q x r t  on 
its second parachute jump flight of the  day and was  climbing through 13,033 let msA 
Flight 716 was en route from Denver, Colorado, to GiUette, Wyoming, cruising at 
13,000 feet  m.s.1. on an instrument flight rules (IFR) clearance. The two aircraft cofzided 
near 13,000 f e e t  m.sJ. and f e l l  to the ground in adjacent la-ge open fielCs- Two sicydvers 
in the  Cessna were killed during the in-flight collision. The pilot and the three other 
occupants of the Cessna were wearing parachutes, were able to &ploy them as they fe?l 
free of the aircraft, and survived wit!! varying degrees of injuries. All 13 persons on board 

60 miles. 
the HP-137 were killed. The weather w a s  clear and the visibility was reported as 

The National Transportation Safety Board &ternmines that the probable cause 
of the accident w a s  the failure of the  Cessna pilot. to establish communications with the 

authorized deviation from the altitude encoding transponder (Made-C) requirement, the  
Denver Center and his climbing into controlled airspace above 12,500 fee t  without an 

practice of the Denvg Center of routinely condoning Sky's West parachute jump 
operations above 12,500 feet  without a Mode-C transponder and the failure of the pilots 
of both aircraft to "see and avoid" each other. Contributing to t h e  accident was the f ac t  
that existiag rcgulatiors do not prohibit parachute jumping in, or immediately adjacent to, 
Federel airways. 

1.1 mow08theFlight 

Center called the Denver Fliiht Service Station (FSS) to provide information regarding 
About 1358 m.s.t. 1/ on April 17, 1981, an official from Sky's West Parachute 

their intended parachute jump activities so that the F S  could issue the required NOTAM. 

- If Ali times herein are Mountain Standard Time based on the 24-hour clock. 
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The information specified that the jump area was to be 1.5 nmi southeast Of Ft. 
Collins/Loveland Airport, from an altitude below 18,000 fee l  m.s.1. 2/ to  surface. The 
duration of the jump activities was to be from 1358 until 1 O L , i E  a f t e r  sunset. A C W n a  
TU-205, N4869Z, and a C e s n a  TU-206, PJ4862F, were identified as the aircraft to be used 
in the jump activities. Radio frequencies 122.7 and 124.8 MHz were to be monitored 
during the course of P h e  jump operations. 

Cessna TU-206 (Cessna), contacted the Denver Air Route Traffic Control Center 
A t  1410:32, during the first parachute jump flight of the day, the  pilot of the 

(ARTCC) and made t h e  following transmission: 

Six-two-Fox will be skydiving 8,500 fee t  a mile and a half 
southeast Ft. Collins/Loveland Airport approximately. 1 minute, 
then well be climbing to 15,500. 

The Denver Center Controller rep!ied: 

Six-Civc-Fox - Roger. 

transmission: 
A t  1421:07, the  Cessm pilot again called Denver Center with the foEowing 

Denver Center Cessna six-two-Fox skydiving 15,500 fee t  1 minute 
Ft. CollindLoveland Airport. 

Seven seconds later, t he  Denver Center controlier again replied "Six-tweFox- 
roger." The Cessna pilot made no further communications with the Denver Center or any 
other ai r  traffic controX facility &.ring the flight. 

About 1530 m.s.:., the  Cessna TU-206 departed the Ft. Collins/LoveIand 

This flight, as with the first flight, was to be conducted in visual meteorological 
Municipd Airport, Lovelsnd, Colorado, on tRe second parachute jump flight of the day. 

conditions. A flight plan was  not filed for either flight, nor w a s  one required to be filed. 
T k  pilot, who had atso flown the first parachute jump flight, occupied the  l e f t  seat and 
the five skydivers were positioned or! t h e  cabin floor. All the passenger seats hsd been 
removed from the aircraft for the jump activities. 

the airport to  an altitude of 15,500 feet. The Cessna pilot did not communicate with the 
After departure, the Cessna began climbing in B left "race track pattern" over 

Denver ARTCC or any other air traffic facility during the second flight, but was 
sqtiawking transponder c25e 1-2-3-4 as he did during the  first flight. 

between Denver's StapIePon International Airport and Gillette, Wyoming. Flight 716 
Air U.S. Inc. Flight 716 was a regularly scheduled commuter pssenger  flight 

departed Denver at 1546 on an instrurnefit flight rdes (IFR) clearance with 10 passeqers  
and 3 crewmemben on board. The flight was proceeding direct from Denver (Colorado) 
VOR to  Douglas (Wyoming) VOR. The 6ollision occtmed about 1 mile west of V19, 1 mile 
east of ' i ,  and 2 miles south of YiOi airways. 

2' 
-I 

2 o l l i n s / L w e h d  Airport is 5,016 feet m.s.L) 
,,titudes :=rein are mean sea level u n l e s  otherwise specified. (Terrain elevation 
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At 1554:01, the Denver departure controller instructed Flight 716 to  change to  
Denver Centep frequencv 124.8 MHz when leadng 12,000 feet. 

A t  1559:25, Flight 716 contacted and edvised Denver Canter that it was 
cleared to climb to and maintain 16,000 feet and requested to remain at 13,000 feet. 
Denver Center approved the request to remain at 13,UOO feet; Plight 716 aeknowhdged 
the approval a t  1559:34. 

A t  1602:20 and at 1603:28, Denver Center called Flight 716, but received no 
response. At  1603:37, the Center controller again called Plight 718 to advise that the 
center had lost radar cuntact an& tu squawk 5-1-2-7, repeat and identify. There was nu 
response to this transmission. 

The Cessna was in a dimbing left tm on a northwesterly heading and Plight 
716 was in level fiight on a northerly heading. The left wing tip'and fuselage nose section 

propeller of the Jetstream cut through the aft fuselage section of the Cessna resulting in 
of the Jetstream (Flight 716) collided with the left side of the Cessna. The NG. I 

immediate loss of control to both aircraft. (See sketch apperidix P.) 

LZot and three parachutists fell free of the aircraft and parachuted to t h e  ground. The 
Two of the skydivers were killed inside the aircraft during the collision. The 

remains of the Cessna descended out of control and crashed in an open field The 
Jetstream impacted the ground in a nearly vertical pitch attitude in sn open field about 
4,000 feet northeast of the  Cessna wreckage. 

The airwaft crashed during daylight hours about 2 miles  east-southeast of the 
Ft. Collins/Lsveland Municipal Airport. The Cessna wreckage site was  at coor&zates 
4O025'4O"N latitude and 104°58'45''W longitude. The coordinates of the Jetstream 
wreckage were 40°26' 15"N latitude and 104%8'30"W longitude. 

1.2 Injuries t5 Persars 

Injuries - Crew Passengers Others Total - 

Fatal - *I 3 12 
s.yic& 1 2 
MinorINone - 0 - 
Total 

1 
4 15 

- */ Includes persons on both aircraft. 

0 15 
0 3 
- 0 1 
0 19 

I 

Both aircraft were destroyed by the midair collision and the subsequent imppact 
forces. 

1.4 O t M  Darn* 

contaminated by spillage of the aircraft fuel. 
Farnland was darnaged by the impact of the eircralt, and the soil wss 
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1 s  PasooneP Intfamation 

Flightcrew personnel on both aircraft and controller personnel were qualified. 
(See appendix B.) 

LS Airdt Mmmaticaa 

Flight 716, a Handley Page HP-137 Jetstream, Nii360, WBS owned and 
operated by US. Aviation Inc. doing business as Air U.S. Inc. The aircraft w a s  within 
prescribed weight and balance limits f o r  the flight. There were 1,503 Ibs of jet-A fuel on 
board at takeoff €rom Denver. (See appendix C.) 

The HP-137 Jetstream fuselage wings and empennage were painted white. 
Black deicer boots were attached to the wing leading edge between the outboard side of 
a c h  engine and the wing tip; to the entire leading edge of the horizontal stabilizer; and 
to the  upper portion of the leading edge of the vertical stabilizer. The engine cowlings of 

and red stripes between t h e  lower edge of the passenger windows and the top of the  wing 
tQe two engiines were not painted. The left side of the  fuselage had separate blue, white, 

root. The blue stripe extended from a b u t  midway between the nose and cockpit a f t  to 
the tail. a d  the white and red stripes extended from the nme aft to  the tail. On the right 

fuselage station (FS) 223. From FS 223 to  the  tail of the aircraft, t h e  stripes wer- blue, 
of the fuselage, the stripes were painted blue, white, and green from the  nose a f t  to 

white, and red. 

operated by Sky's West Parachute Center Inc. (See appencllx C.) The aircraf? was within 
The Cessns TU-206, A N4862F, was  owned by Harder Construction Co. and 

prescribed weight and balance iimits for the flight and had about 150 lb of 100-octane 
low-lead gasoline on board at takeoff. The Cessna had been modified to accommodate 
five skydivers by removing alI the seats, except the pilot's seat, from the aircraft. The 
right eargo door also had been removed and had been replaced by a plywood door which 
the jumpers could open by sliding i t  to the rem. Lap belts had been installed to the floor 
at each seat location for use by t h e  jumpers. 

vertical stabilizer, and flight control surfaces were painted white. The vertical stabilizer 
The C e s n a  TU-206 cowling, fuselage, wings, struts, horizontal stabiiizer, 

tip had red, white, and black stripes. The fuselage tailcone, wing tips, and vertical stabil- 
izer fairing were painted red. The left and right side of the fuselage had white and red 
stripes. 

l.7 Meteorolo@oal Pnfcrmaticn 

A t  the time of the accident, the weather in the Ft. CollindLoveland area was 
g e n e r a , y  clear. The 1600 local Denver weather observations of Stapleton International 
Airpcft were as follows: 

1-8 

Clouds--7,000 f ee t  scattered, 20,000 feet thin broken; 
visibility--(iO miles; temperature--77v; dewpoint--25?F; 
wind--02Qo 4 kns; altimeter--30.03 inHg; undetermined 
intermittent rain shewers to the west. 

Aids to Navi~ptian 

Not applicable. 
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1.9 Communications 

There were no known communications malfunctions. 

1.19 Aerodrome hfmmation 

Not applicable. 

Neither the Cessna nor the HP-137 Jetstream were equipped with any 
recorders and none were required. 

1.12 Wreekag$e and Impact Infmmaticn 

The wreckage scatter of both aircraft was confined to a 900-ioot-wide, 
9,300-foot-long area of open, flat,  rolling farmland. (See appendix G.) 

impact crater. None of the pieces of wreckage of either aircraft found along t he  
At the wreckage site, there was a ground fire confined to the Jetstream main 

wreckage path exhibited any signs of fire w soot damage. 

The Jetstream impacted the  ground at about an SO-degree nose down attiedde 
and penetrated the ground to a depth of a b u t  7.5 feet. 

Handley Page HP-137 - 
About I? inches inboard of the tip, the left wing outboard! panel 1eadi.rg edge 

exhibited deep indentations. The entire ieading edge wa.5 buckled and the deicer boat was  

exhibited spanwise score mar ' s  ani, tern at about a 40-degree angle measwed clockwise 
torn in various areas. The upper wing skin a b u t  22 inches inboard frmn the wing tip 

at the front spar', and running from the front spar rearw.ard and, outbarn& This section of 
wing also exhibited a deep gouge mark forward ~ b :  the rear spar, 32 iinches inbomd from 
the tip. Two scratch marks  running from about the leading edge aft and outbohlrd, w e e  
located on the top skin betweer; wing station (WS) 295 and WS 3U7. The srratches were at 

left wing leadiflg edge was  recovered separated from the inboard and outboard wing 
18-degree angles as  measured from the wing tip attachment splice. A small piece of the 

sections. The outboard end of this piece of leading edge matched t h e  front spar of the 
outboard wing panel. This small  piece of leading edge exhibited at impact curvatu-e 
which fitted and matched the C e s n a  le f t  main landing spriry. ncw the fuselage. 

leading edge and about 8 inches f rom i t s  bottom edge. 
The left side of the vertical stabilizer exhibited red paint scuff mwks near its 

The face of one of the left  propeiler blades exhibited clockwise surface 
scratcn marks 24 inches outboard or" its butt end. The blade leading edge had four blunt 
impact marks ranging from 0.25 to 1.5 inches in length. Another left propeller blade, 
which had sevwal clockwise scratches about 14 inches inboard of the blede tip, had 
seperated from the propeiler hub. Sever& blunt impact marks W e e  ais0 Viebie in line 
with the scratch marks. The third blade also hed scratch marks in the sane gena& 

scratches and gouges running p a r a e l  to the *an. 
location 8s the other two blades. An three blade faces of the right propelleP had deep 

. I  
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Cessna TU-205 

pieces; the forward fuselage section, the  cabin top and fuselage s i d e w d ,  and the fuse'age 
During ttie colliiion, the C e s n a  TU-206 fuselage was broken into three major 

tail cone. 

The lower left side edge of the fuselage between FS 0.00 and FS 90 had black 
scuff marks with deep scratches and grooves visible within those marks. Propeller cuts 

left side and FS 130 on t h e  right side. Another propeller cut  was located on top of the tail 
throtgh the Cesna's fuselage strueture were present in the geaeral area of FS 90 on the 

cone between FS 124 and FS 138. 

The left wing strut remained attacned to the  wing. The lower end of the strut 

elongated. The right wing had no collision damage. 
bottom surface Rad black scuff marks. The rivet holes at the lower end of the strut were 

The vertical stabilizer was separated left-to-right from the  fuselage, dorsal 
fin, and mdder. A 24- by 16-inch section of left  fuselage structure remained attached to 

from left  to right, and had blue paint scuff marks. Samples of the blue scuff marks from 
the stabilizer. The le f t  side of the stabilizer skir. was torn, wriRkled, and buckled, bowed 

were examined by the Laboratory of the Federal Bureau of Investigation and found t o  be 
the C e s n a  vertical stabilizer and the blue paint str ipe from t h e  left side of the Jetstream 

identical with respect to color, texture, type, and wganic compmition. 

propeller cut extending from the leading edge d t .  The anti-collision light on top of the 
The stabfizer tip 6 inches down from the  top rib exhibited a 12-inch-long 

fin was broken. 

The horizontal stabaizer was separated from the fuselage structure. The top 
surface of the  left section of the stabilizer had scratch and scuff marks  inboard of the  
stabiIizer tip. These marks, extending from the trailing edge forward and inboard as 
vnwed looking forward, measured 110 degrees in a clockwise direction relative to the  
lonk*tudinal R X ~ S  of the aircraft. 

The lef t  aileron remained attached to the left wing and was intact except f o r  
the otitboard end. The aileron damage at the outboard eqd extended 15 irrches inboard et 
about a 30-degree angle. The upper and lower skin from this area was separated from the 
remaining aileron section, but when mated farmed a rounded channel. Heavy  black scuff 

a 3O-degree angle from a line parallel to the longitudinal axis of the aircraft. 
marks  inside the top skin extended from the trailing edge fwward and inboard and were at 

The l e f t  elevator balance weight tip was separated from the elevator by a 
propeller cut. The direction of the  cut was from bottom to top, from the p a n g  edge 
fcrward, and at a 45-degree angle mea-wred counterclockwise relative to the longitudinal 
axis of the aircraft, 

Toxicological examination of the captain of Flight 716 did not disclose arty 
evidence of preexisting physiolcgical problems whieh could have affected his 
performance. A toxicological examination of the first officer of Flight 716 was not 
possible. 
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contusions and lacerations. He was initially treated and released from the emergency 
The surviving pilot of the Cessna sustained a twisted le f t  ankle with m.rrltiPle 

pooin of McKee  Medical Center in LovelaF-d. Four days later he was admitted to the Weld 
County Hospital, Greeley, Colorado, for whax was reported to be a poSlSle bbod elct in  
his l e f t  leg. The pilot was not subjected at either time to (ilp extensive physiolog:c& Or 
toxicological examination for other than accident-related injuries. The Nation& 
Transportation Safety Board did not ask for such examinations nor was a e  pilot r e q u i r d  
to undergo such examin - a t' IORS. 

The skydiver positioned in the right front of the C m n a  suffered a stomach 

pos',tions were also injured. One had a fractured right ankle and the other sustained a 
muscle strain and multiple contusions. The two skydivers directly behind the front seat 

chop/slash injury to  his right foot a lmost  severing the foot at the arch. Both men also 
received multiple contusions and lacerations. The two f a t a y  injured skydivers in the reap 
of the Cesma sustained chop/shsh injuries. 

The C e s n a  TU-2QQG did not sustain any in-flight or ground fire. The Jetstream 
(Flight 716) sustained f i re  afte: impacting the ground. 

1.15 ~ V a l A S p e c ~  

The accident was classified as not survivable for the occupants of either 
airc-aft. However, because f a r  of the C e s n a  occupants were experienced skydivers 

their parachutes, they sxvived the accident. 
wearing parachutes and were able to fa l l  f ree  of the aircraft after the collision and deploy 

1.16 T e s t s a n d R ~ c h  

flight of N4862F. The purpose of these flights was to  at tempt to determine the quality 
A series of flights were. made with a Cessna.206 lo simulate the accident 

and type of radar return the aircraft would generate with and without certain transponder 
configuraticrns and with certain selections of display modes at t h e  Denver A R X C  
consoles Results of the  test flights were inconclusive because of possible differences in 
atnospheric conditions and difficulties in duplicating precisely the aircraft's at t i tude and 
positions relative to the  radar antenna; however, during this test the aircraft  target was  
depicted intermittently on the radar scope. 

1.11 A d t l i t i d  XrXcxrnatiat 

Federal Aviation Regulatiols, subchapter F, Air Traffic and General Operating 
Rules, Part 91.67, General Operating and Flight Rules, outlines responsibilities to "see and 
avoid" as follows: 

(a) General. When weather conditions permit, regardless of whether 
en operation is conducted under Instrument Flight Rules or Visual 
Flight Rules, vigilance shall be maintained by each person 
operating an aircraft so as to s@e and avoid other aircraft in 
compliance with this section. When a rule of this section gives 
=.other aircraft the right of way, he shell give way to that aircraft 
and may not pass over, Under, or ahead of i t ,  unlesj wel l  clear. 
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337% vk?ibilityAspects 
In order to determine the physical limitations to visibility from flightcrew 

seats, a stu@ was conlucteci ox each type of aircraft involved in the collision. Using the 
reeonsttucted flight path data for each aircrhft, the physic& limitaticns to  vision, which 
may have precluded either flightcrew from detection and observation of the other, were 
determined. 

Look engles and separation ranges from the cockpits of both aircraft were 
determined from 120 seconds before impsct io the t i m e  of impact in 15-second intervals. 
Tm t ime of impact was determined to be at 1601:16. The look angles from each aircraft 
have been caiculated and plotted on binocular photographs. The photographs depict t h e  
target aircraft  as a series of points in the cwkpit windows of the  viewing aircraft. (See 
appendix D.) It is to be! noted that  t h e  accuracy of the photographs is inherently limited 
because of the basic assumptions necesjary in their construction. 

Prescribed procedures, applicable regulations, and guidance material relative 
to parachute jumping &-e contained in the  FAA's Air Traffic Control Handbook 7110.65B, 
and Federal Aviation Regulations Parts 91 and 105. All regulatory and advisory materials 
cited herein were in effect and applicable at the time of the accident. 

t l7 -4  AmECat3.k ?roYisicns of Federal A v i ~ t i m  R e g d a t i m  Part 91.24 

Federel Aviation Regulations, subchapter F, Air Traffic and General Operating 
Rutes Part 91.24, General Operating m d  Flight Rules, outlines t h e  requirements for the 
we of ATC traw .anders and &ti: sde reporting equipment as follows: 

co&acted under parts 121, 123, 127, or 135 of this chapter. ATC 
(a) AiI airspace: U.S. registered civil aircraft. F w  operations not 

transponder equipment installed after  3anuary 1, 1974, in US. registered 

ATC transponder equipment used in U.S. registered civil a i r c r d t  after 
civil aircraft  not previously equipped with an ATC transponder, and all 

July 1, 1975, must m e e t  the  percormance and environmental 
requirements of any @lass of T S H 7 4 b  or any class of TSOC54c as 
appropriate, except that  t h e  Administrator may approve the use of TSO- 
C74 op TSO-C74a equipment after July 1, 1975, if the applicant submits 

standards of the a@propriate clan of TSO-C74e and environmental 
data sfrowing that  such equipment meets the  minimum performance 

con5tions of the  TSO under which i t  was manufactu?ed. 

helicopters in terminal control ares  at or below 1,000 feet AGL under 
(b) CQntrOlkd airspacer al l  aircraft. Except f o r  persons operating 

the terms of a letter of agreement, and except for persons operating 
giiders above 12,500 feet ms.L but below the floor of the  pmitive 
control area, n3 person may operate an aircraft in the contrclled 
airspace p r e s c r i b e d  in pwagraphs (b)(l) through (bK4) of this paFagraph, 
unles  that aircrdir is equipped with an operable coded radar beacon 
tramponder having a mode 3/A409S code capability, replyirg t o  mode 
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3/A interrogation with  the code specified by ATC, and is equipped with 
automatic pressure altitude reporting equipment having a Mode--C 
capability that automatically =plies to Mode-C interrogations by 
transmitting pressure altitude information in 100-foot increments. This 
requirement applies- 

(I) In Group I Terminal Control Areas governed by S 91.9O(a); 
(21 In Group II Terminal Control Areas governed by S 91.90(b), 

except as provided therein; 
(3) In Group IU Terminal Control Areas governed by S 91.9O(c), 

9xcept as provided therein; and 
(4) In all controbied airspace of the 48 mntiguous States and the 

District of Columbia, above 12,500 feet  MSL, exciuding the airspace at 
and below 2,500 fee t  AGL. 

(c) ATC authorized deviations. ATC may authorize deviations 
from p a r w a p h  (b) of this section- 

transponder to continue to the airport of ultimate destination, including 
f1) Immediately, to allow an aircraft with an inoperative 

any intermediate stops, or to proceed to a place where suitable repairs 
can be made, or both; 

(2) Immediately, for operations of aircraft with an operating 

eqaipment having a Mode-C capability; and 
trmsponde? but without operating automatic pressure altitude reporting 

aircmft  without a transponder, in which case t he  request for a deviation 
(3) 3 n  a coxinuing basis, or foc individual flights, for operations of 

mus t  be submitted to t h e  ATC facility having jurisdiction over t h e  
airspace concerned at iesst four hours before the proposed *ration. 

Sky's West parachute jump aircraft cperated in con&olled airspace (see 
eppendix E) above 12,500 feet m.s.1. without Mode-r@ earsponder (altitude encoding) 
capbility. Denver AKTCC personnel were aware of such operation; however, there was  
no record of any written or verbal authorization by ATC for Sky's West to  deviate from 

or investigative action r@gwdng Sky's W e s t  unauthorized deviations from FAR 91.24. 
the requirements of FAR 91.24. There. was also no record of any viclation, enforcement, 

The C e s m  pilot stated that he believed that t h e  response, "Rogert' given to 
Pim by the Center Controller during the first parachute jump flight on the day of the 
accident was an "authorization to climb to 15,500 fee t  m.s.1. without the Mode-C" 
transponder capability. 

t11.5 A & @ ~ ~ . d o i T r a r r S p a d e r C ~ ~ ~ ~ ~ a d a p ~ ~ ~ o t ~ ~ ~  

Jf the Sky's We?t  aircraft had been Mode-C equipped and the transponder were 
tuaed on, the target would have been displayed on the  scope along with the altitude of 
that aircraft expressed in three digits and a four digit transponder code. These indi- 
cations would have appeared irrespective of the  specific coda that  the aircraft w a s  
squawking op the options selected for display by the  controller. 

flight only, or f o r  a shorter period if operational requirements warraut: however, a co& 
A transponder code is assigned by ATC to a flight for the duration of that 

1485 not assigned to the Cessncl pilot by any air traffic control facility on the riay of the 
sccideat for either 9f t h e  pa?achi!te jurnp flights. Some controllers stated that they had 

believed that he was permanently assigned tha t  codc, The Cessna pilot stated that OR 
b a t i t d y  asigned eode 1-2-3-4 to this Sky's W e s t  aircraft, and t'ne p2Qt stated that he 
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several previous oecasiorii he hsd come on frequency announciFg that he was on Code  
1-2-3-4 8nr? bad rzceived the response "roger" from ATC. The Ce,sna pilot further stated 
that it was his tmderstanding that by merely "squawking" 1-2-3-4, positive radar 
identification for the aircraft was provided. 

In confburing his radar scope on the day of the accident, the Sector 14 

as shown in the following aircraft table. 
r O n t r O l l e  had several relevant options with Pespect to the display of nontracked targets 

Table L-Contmller's Relevant Options to Display Nontracked Targets. 

I 
OPTKfNS KEYS SELECTED "SeIect List" DISPLAY 

Codes in 

~ ~~~~~ 

1 m ~ a r y  1 $ ~ - c  
Selected For example: 

Limit data I Code 1-2-3-4 
targets 

Description of 

!, or is deleted, 

non-"racked 

strength. 

Presented as +, 

depending on 

Presented as / 

L* X X 

a t X X 
.- 

X 11-2-3-4 

* Option employed during accident case. 

all primary targets above a certain radar return strength threshold were displayed on his 
The Seetor 14 ecntroUer ac t iva t e  the 'All Primary" key. As F. consequence, 

scope. At the same time, k did not actirate the "non-Xodec" key nor did he have code 

aidt. The selection cf the n0n-Mode-C function was optional according to the Denver 
1-2-3-4 entered in his cede select list because he had not assigned the code to any 

ARWC Facility Directive 7110.65A. Most controllers at the Denver Center operated 
with the ' ' n m - M O d 9 c  in the deselected poeition in order to redilce clutter on the scope. 

displayed as an mccrreiated, mtracked, beacon-reinfarced primary return rovided the 
W i t h  the "AB-Prirnsrf on and t h e  "non-MOdec" off, the Cessna target would have been 

raw return faad suffident stsength to be Cisplayed A computer generated printout of 
trr%Jf infmmtion was e%amineQ foilowing the accident. It disclosed that the Cessna was 
displayed about 75 percent ob the time while it was in the controller's sector. 

Both the Sector 14 contfoller and the t a m  supervisor misting him testified 
thst thcg did mt r& seeing a target in the vicinity of the collision site that they 
carsidend tb be cm.fiicting traffic far Air U.S. 716. 
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ARTCC subrnitted an "Employee Suggestion" 5,' proposing to make non-Mode4 beacon 
About 2 li2 years before the accident, an air traffic controller a t  the Denver 

filter key selection mandatory for low a l t i tudek tors .  S/ The reason for his proposal w&. 
that some primary "targets could be overlooked or not-displayed at all" unless the now 
Mode€  Zlter key is selected. The Contrsller's'Team Supervisor and the Assistant Chief 
of the facility concurred with the suggestion, indicating that this procedure would 
enhance safety by displaying praffic not normally presented. The concurrence further 
indicated t.bt there  are instances where nowM0de-C VFR aircraft are sqtiawkicing a code 
that is not in the "Code Select Lit" and in these cases the target is not displayed and 
could potentially be conflicting traffic for aircraft mder the control of the sector. The 
Facility Air Traffic Technical Advisory Committee (FA'ITAC) also recommended adoption 

s u g g e s t i o n ,  indicating that any advantage of non-Node-C seleetion would be wmweighed 
of the suggestion. Bowever, the Chi& of the  Denver AR.TCC did nct adopt the 

by the increased &utter in dispiaying non-ModecC aircraft in terminal areas on assigned 
codes that were  not being monitored by the Denver ARTCC. 

On April 21, 1981, 4 cjays after the  collision, the Denver ARTCC fscility manual 
7li0.65A was revised by change 6 to require selection of non-Mode-C filter key in the low 
altitude Sector "to allow all discrete non-MlodeC aircraft to be displayed on :be low 
attitude displays." 

Federal Aviation Regulatioas Part 105 prescribe rules for parachute jumping into 
navigable airspace and requirements for notification of Air Ra€fic Facilities when such 
jumps are an:inipated. Applicable rules are as follows 

(1 )  105.14 Radio Eqldpment mci use requirements 

(a) Except when otherwise 8UthoriZed by ATC- 

of an aircraft may allow a parachute jump to be xade from that 
(1) No pgscn may make a parachute jump, and no pilot in command 

aircraft, in or into controlled airspace unless, during thRt flight- 
ti) The aircraft is equipped with a functioning two-way radio 

communications system amropriate to the ATC facilities to be *sed; 

aircraft and the nearest FAA air traffic cmtroi facility or FAA flight 
(ii) Radio communications have been established between the  

service station a t  least 5 minutes before the jumpir?g activity is to begin, 
for the gn&u;-pose of receiving infopmation in the aircraft about known air 
traffic in the vicinity of the jumping activity; and 

has been received by the @ibt in command and t h e  jumpers in that nighti 
(iii) The information described in paragraph (aKl)(ii) of this section 

and 
(2) T k  piIot in command of an aircraft used for any jumping 

activity in m into Controlled airspace shall,  during each flight 
(i) Maintain or have maintained a continuous watch on the 

appropriate frequenq of the aircraft's radio Eommunciations system 
from the time radio communications are first established between the 
dreiaft and ATC, until he advises ATC that the jumping activity is 
ended from that flighht; and 

5/ "Employee Suggestion" - Part of FAA Incentive Awards Program; per FAA Order 
3455.7c 
6 /  b w  Mtit& Sector -Sectors coveriag altitudes up to 24,005 feet m.s.1. 

- 
- 
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when the last parachute jumper from the aircraft reaches the ground. 
(5) Advise ATC that the jumping activity k ended for that flight 

is or becomes inoperative, any jumping activity from the aircraft in or 
fb) If, during any flight, the required radio communications system 

into contro3ed airspace shali be abandoned. However, if the 
communieatims system becomes inoperative in flighr after receipt of a 
required A X  authorization, the jumping activity from that flight may 
be Ccnthued.” 

(2) 105.23 Jumps in Q into Other Airspace 

(a) Nu person may make a parachute jump, and no pilot in command 
of an aircraft may allow a pa-achute jump to be made from that 
aircraft. in or into airspace unless the newest FAA air traffic control 
facility Q FAA fligtht service station was notified of that jump at least 1 
hour before the jump is t O  be made, bui not more than 24 hours before 
the jumpiw is to be mmpleted, ad the notice contaiw- the information 
prescribed in 5 105.25fa). 

from a parachute jumping organization a series of jumps to be made over 
(b) Nothwithstanding paragraph (a) of this section, ATC may accept 

a stated p e r i o d  of time not longer than 12 calendar months. The 

ickntify the responsibie persuns associated with that jumping activity, 
notification must contain the information prescribed by S 105.25(a), 

jumping is to begin. ATC may r e v h e  the acceptance of the notification 
and be submitted at least 15 days, but not m o r e  than 30 dap, before the 

for a!y failwe of the jumpkg orgmization to comply with i t s  terms. 

airspace or @ce described in fS 105.15, 105.19, or 1(15.21.;/ 
This section d w s  no* apply to parachute jumps in or into any 

(3) 105.25 Infamation required, and notice of cancellation or 
postponement of jump. 

S105.21, and each person submitting a notice ander S105.23. must indude 
(a: Each p g s ~  q u e s t i n g  an authorization under S 105.19 or 

the following infixmation (on an individual or pup basis) in that request 
or noticc 

(1) The date and time jumping w i i l  begin 
(2) The size of the jump zone expressed in nautical mile radius 

(3j The loolttion of the center of the jump zone in relation to 

is located and its distance in mutical miles from the VOR facility when 
(i) The nearest VOR facility in terms of the VOR radial on which i t  

that facility is 30 nautical miles or 1e.s from the drop zone target; OP 
fii) The neerest airport, town, or city depicted on the appropriate 

COaS- and Geodetic Survey WAC or Sectional Aeronautical chart, when 

zone target. 
the marest VOR facility is more than 30 nautical miles from the drop 

(4) The altitudes above the surface a€ which jumping wiU take 
place. 

around the target. 

- 7f 105.15,105.19 and 105.21 are not relevant to this acci&nt. 
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(5)  The duration of the ir,tenckd jump% 
(6) The name, address, and telephone number of the person 

(7) The identificaticm of the aireraft to be used. 
(81 The radio frequencies, if any, available in the aircraft. 
(b> Each person$ reqwsting an authorization under S 105.19 or 

S105.21, and each person Submitting a notice under 5105.23. must 
pmmptly notify the FAA air traffic contro'l facility or FAA flight 
servke staiion from which i t  requested authorization or which i t  
notified, if t k  props& or scheduled jumping activity is oaneeled or 
PastPoneb. 

jump activities 23 minutes before their first flight of the day rather than 1 hour before, as 
sicy's W e s t  advised the Denver Flight Service Stetion (FSS) of their intended 

required by FAR 10593.  Sky's \geyp provided the required information on this occasion as 

C e s m  had estabfished radio communication with the ARTCC during the first parachute 
they had done routinely in the past so that the FSS could issue a NOTAM. The pilot of the 

jump fIight on the day of the accident. The k n a  departed from the airport on t h e  
seed paraewte jump Rmt about 16 minutes befoce the collision, The pilot testified 
that he was about to cai? the Denver Center when the accidmt occurred. 

requesting the authorization or giving notice. 

paragraph 22, the FAA Flight Serree Station Team Supervisor who received t h e  
Aacrding  to the FAA's US. Civil NOTAM Sptem Publication 7930.2, 

idmmcltia: w8s required to distribute a NOTAX io nearby airports and air @affic control 
facilities. 7he facilities affected by this NOTAM would haw included: Arapahoe County 
&%PA), JeZfasan C0un:y WC), Stapleton International @EN), Eagle County (EGE), Grand 
Junction ((ZJT). Aspen-Pitidn Chanty (ASE), hreblo Municipal (PUB), Cdorado Springs 
~Co$;!, Cfpeyame %unicip& (CYSI AiqxrB,  and the Denver Air Route Raf f i c  Coctrol 
Center WETCCI. In addition to t.he adjacent airports and air traffic control facilities, 
the FAA procedures required distribution of the NOTAW within the Plight Service Station 
to t* "hflig!~: radio position, Broadcast position, weather posting and flight watch 
pitions." 

Denve area fw about 34 years, 3repared a NOTAM and posted i t  on the  weather posting 
The Right Service Station Team Supervisor, who had been working in the 

%rd ae tria crwn fncility k t  did not &feet any further chstribution. He tesified that he 
'~~83 unda the impression" that the Pr. C o W L o w e h n d  airport was an approved jump 
-, listed in the Southwest United States "Airpa-tfFacility Directory" and therefore 
that there was no requircment to 'do anything with it." 

Heit- the appEcaMe Airpcxt Facility Directory for Southwesen United 
S t e w  M the Chey~nne Sectional chart showed the Ft. Collins/Loveland airport area or 

CoRinr  Yankee FieM 10 nmi to the norm as a jump area. Organizations desiring listing of 
&pmt 8s (I &signat& parachute jump area. The directory did, however, show Ft. 

' R n g h h t  Service Statim, Control Towet. or Air Route Traffic Control Center. To qudify 
their jcnping sct iv i t ia  in the direCtWy may Eontact the nearest FAA facility, such as a 

a i t a i e  
fa Mlng a, a sectid m m f # a U t i . c ? i l l  chart, a jump m e  must meet  the following 

1. Been in oQeratian fa at !east 1 yew. 
2 -ate yaar rod (at l e s t  on weekends). 
3. b g  4,000 or more jumps eech pear. 
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9 u t e  Centas Inc. conducted more t h  10.00 

Chapter Tt Section 5 of the Air M f i c  Control Mandbouk 7110.65B, ct. .ye 2, 
provides qplicstde iilst-rntions to Air Traffic Control personnel for the hancl:ng of 

of *%is hatcFbook address emtrolled airspace other thao pcsitive contmI areas and 
mtkcicatian to cwduct parachute jump opepations in controlied airspace. Parhgraph 1493 

c o n W  zones It drects Air Traffic Controllers to issue a traffic e-dvisory to the jump 
eiircrait Max the jump, to indude aircraft type, a?!itude, and di?ection of flight of all 
IcaoNn Eraffie whicft sill ParrSit the airspice within .:hich the jump will be conducted. 

the aime wi:hin whi& the jump operations will be coducted, the advisories to consist 
Contro;Pers are alsD directed to issue a d v i i e s  to afl known aircraft which will transit 

G' tahe focetion, time, duration, and altitude from which the p ~ m p  will be made. When 
time or numbers of sipcraft make indivi.dual ?rammissions impractical, advisories to  

ak%mhSe, ? h e  ATE5 broedcss:. W h e n  requested by the pilot and to the extent pomible, 
e.*iciQatiq i j d t  may b~ broadcast on appropriate control frequencies w, when 

ccnnofigs &'e tc essist mpar t i c ipa tkg  aircraft to avoid the airspace within which the 
juzclp viit be COndGcted. 

Z.lT.8 s l c g . s w e s t P ~ t e J I u n p o p e r a t i o n s m ~ ~  

Ttie Skfs Xest Paractwe Center is located at  Ft. CollinslLoveland Airport, 
i o v e h d ,  Colorsdo. The Center C0ncr;cts sitydrving instruction and exhibitions and is 
engage& in paracheure $&es, repairs. and replecement. A t  the time of the accident, the 
Center o g r = a K e d  Iwo aircraft, a Ceria TU-205, and a Cesna  TU-206 from Ft. 
C5f"jna;'icwfand .sirpart for 2arachuting acitivites. 

Wesz sterted opefations at the Ft. Collins,%oveland Airport in November 

105 o? the F&nt A v i a t h  Regdstiorrs. ru1 flights are conducted under VFR cor.ditions. 
IW74 and h m m t &  reqrd.red to conduct i t s  operatiom in aceurdance with Parts 9: and 

Bv these regulaticwrp, Sky's W e -  is required to notify the DLnver Flight Service 
9a-m fFSSfu FAA Air  TmfPic Control facilities by telephone or radio bePore starting 
m y  oQoration. Tl?t FAA faci l i ty mwt be advised of the tail number of the 
pareehuu: dmp alrmit, tk leation of the jump, the altitucfe !m.s,l.) at which the jumps 
m e  PO Wt $ace, W rhc t ime a: which t h e  operation wtl: terminate. 

hla;e of a suggexicn by l oca l  FAA General Aviation District Office 
knptctt, s zutnuet was bevdoped by Sky% Yest for their pilots, jump masters, and 

-WE patterns aMt EWnmunimtion procedures. It states that E ~ I  climbs and descents will 
gmwdeew about t%e %re t ime it started i t s  opoatim. Tho man& prescribes specific 

be mede sway f n m  m y  cartLotled ewas - such as eirways or airport trerfic patterns. I t  
h-3i-te advises pldotp t b t  t h y  M d  Be a w e  of three airnays within flight distance of 
thr Ft. C o l f i h d L C r v d R n d  hirpwt, (ulot, V I ,  and V19) arvd that the preferred climb and 
c9accn? 1.9 L5n LVIJI; WOibi i lg  8itWEP. 

Wish regard 10 cclmmunicsciars, the manual reiterates the requircments set 
:ceh in t 4  CTW ?%?4 bvt ehbmstu BS fotiznra: 

Fat effective commauricatiars at this Pnrachute Center, we ceqriite 
njrpbnt te have two fcHnmunicstion radios, m e  transponder, one 
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&?&.et=, and 6u normal instruments required for the airplane. An 
encc&g altimeter is recommended, but not required 

Tke pilot wiU maintain communications with the faowing 
rhrwghout the flight: 

Denver Center (Air Route Traffic Control Center). Tune to 
124.b LQng;nont Center (Ralph Kiss  Ed Wen). 

W v e r  Redar funlq they dictate shiftiag to another 

The ininitial contect will Comment- at 8,000 feet m.s.L 
frequency!. 

location, aimraft altitude, direction of flight, pwpose of 
Information to be relayed: A i r a f t  identification, aircraft 

intend to climb to altitude (des they dictate otherwise), 
flight (flying skydivers), altitude elirnbing to, where you 

that you are tramponder equipped. 

One minute prior to exit, contact Denver again. Indicate: 

direction of flight, one minute prior to exit of skydivers. 
Aircraf: identification, aircraft lococation, aircraft altitude, 

Unicorn on 122.7. Indicate: Aircraft identification, aircraft 
Upgn receiving information fmm Denver, contact Lovekind 

beation, aircraft sltitude, direction cf flight, me minute 
until exit of skydivers, visuaJly check for any trdfic at an 
&tit* C h a t  would conflict with the jump. 

The cattents of Sky's W e s t  manual were reviewed by FAA General Aviation 

&mgw md W f i i n s  to the manual. Sky3 W e s t  incffpcfated the recommended ebnges. 
District Office inrpectm during November 1979. FAA inspectors recommended several 

Officisi F A A  app;.ovaI of tb manual was not required. 

The air a u r i c a ,  US. Aviation, operated and ronducted businw as "Air U.S." 
Air CS., II Part 135 operata baesed in Sheridan, Wyoming, operated t h e  Handley-Page 
Jetstrwi~am (HP-137) airensft and two P i p  Navajo Chieftain (PA-31-350) aircraft at the 
time of the amident. Its  routes are from Denver, Colorado, :a GiUette, Wyominp, and to 
Skecidan, Wycmirqi. 

Air US. had auttrority to operate "an demand chaster" with airplane 
rnrrltislginc land W R  end res, d4y and night, pxsenger and cargo. 

Air ZS, E i t m w  training progmmt provide @cific material regarding the "see and 
Arms of operation ~ f d  the Continental United States. Canada, Md Mexico. 

WOW e-: and also nqrrfre its pilots to read She Airman's Information Xmud!. 

Service sts:icn with wealher ilb%.matian for stat im along their intended mutes of 
Air O S  nitmws namatly receive XOTAM's from the Denver Flight 

flrght. There was na NCCrd of a telsphone call or other communication by Air US. to the 
Denver FS.5 ar the b y  0: the accident. T h ~ r c ?  also was no recud to indicate that MY 
liOTAWs were received by the Air US. Flight 716 nightercw on the day of the accident. 
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accmdme with existing reguktions. Them was no evidence tha t  medical or 
The flightcrews for both a i r e d :  were properiy certificated and qualified in 

physiologiMrl pbiems affwted their performance. Weather was not a factor in the 
&wide&. Both a i r d t  w e e  pmper2y certificated and mainrained, with the excepzion of 
iteras noted in C which were not considered contributory to the accident. There 

were ~ l a t e d  to the accident. 
were f b ~  uncorrected discrepancies in the maintenance records of either aircraft which 

2.3 OperatiamlFactcrs 

%SA Opera- Roce%ms in Use at Time of Aaridertt 

FAR 91-24(bX4) proh?'Sik Eight above 12,500 feet without a Mode-C encoding 
altimeter .nless deviation h s  !xen authorized by the FAA in accordance wi th  FAR 
9134(cf. Xes: had Seen conducting paraeute jump operations from the Ft. 
C&ns!bsebnd Airport since November 1979 at the rate of more thm 10,000 jumps per 

purposes. Kcme of the Sets Wesr aircraft were equipped with Mode-C altitude encoding 
yeu. The p r  majority of these operations involved flight above 12,508 feet for jump 

~paariats  Wve 12,5W feet without a transponder as required by FAR 91.24. Rather, 
tmnpni  and no Mntinuing waiver had been issued to Sky's West to permit such 

attitudes abow I2,SM €e& The mtmllers testified that they believed that they were 
Me Mver Center controllers on a routine basis allowed these flights to operate at 

not g&?ting permission to these fligfts, but were simply acknowledging advisories that 
t h y  were, in: fast, operating a: these nltirudes The Board believes that this routine 
prsctict of the Denver Center in not questioning such operations or in any way restricting 

taat apiprcwat The permis5veness of the D e n m  Center creeted R situation wherein 
these a i d s  from qerrrtirg: above 12.500 feet  without a Mode-C transponder indicated 

-9 W e s t  bekcvsd that they tad a standing waiver from the regulatory requirements for 

stsu, to Denver Center personnel. I t  is furttre- believed that this permissiveness generated 
epemtiaa of this type. and kt became an acceptable practice not oniy to Sky's West but 

 ut atmc6pherc of cornplacemy both at the Center and within the  Sky's W e s t  operation 

Thk was exem$ifi@d by the coa%mtmicatiorrs between the Sky's W e s t  pilat and the Denver 
w s c b  ak, l e d  to laxity, even with respect to the existing communications procedures. 

Carter during the flight a b c u t  2 hour0 before the asi 'ent flight, when the pilot advised 
tht Cmta  that .% w m  going to 15,500 feet &XI the controller simply replied with "roger." 

s h A d  have bem prohibited from routinely operating above 12,500 fee:. The requirement 
The B a u d  Mieves that the Sky's W e s t  airciaft without Mode-C transponders 

fw M o d e - 6  attit- mcding hauuponders was estabiished to enhance safety above 

bJI ai-t at thme a!?itudes without this required equipment. However, even without a 
12.5430 feet ms.L f w h a r  many Mgh pebfsrmance aircraft opeate) by prohibiting nights 

M z 4 e - c  fnurrponda, adepuate air traffic Control procedures existed to provide for 
s i d t  segemtion if p m  notification a?d communicstims procedures (in accordance 

rraf3c cu~pot facility involved 
dth dcvlriu, provtrions of FAR 91.24(cXZj) had been followed by the pilot aqd the air 

The Ctssm TU-W &parted QIY iU second parachute jump qmation of the 
dry ?ram the Ft. Colli&Wvr\and Municipal a h t  18 minutes before the collision. The 
p W  66 net cuN the center to request a deviation to go above 12,500 feet wi.thout a 

VIylrPonder ROI did he make an in i t id  Cait at  8,000 feet as set for th  in the Sky's 
w 8 s  Rwztwh 
thc D m o u  Cmta  r W  the aceidcnt wcuereC Sinee he w m  at 13,000 feet and 

' u IB recommenCcd yxccedure. The Not t.estified tbat he was abut  PO c a  
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climbing to 15,500 feet a t  a rate of about 500 fee: per minute; he would have been in 
compliance with tiw 5-minute jumping advisory provision of FAR 105.14. However, if the 
pilot had complied with FAR 91.24 and reqvested an ATC authorized deviation he would 
have had to communieate earlier with the Denver Center. This communication would 
have alerted the controller to the presence of the Cessna in his sector, and if he granted 

target. Thus, the Safety B m d  believes that the pilot's failure to communicate with the 
the  deviation and radar identified t . k  aircraft, he could have started to "tracF ?he 

Denver Cmter forestalled the use of any possible air traffic control procedures which 
could have been used by the controller to track this aircraft and which possibly could have 
averted the collision. 

assigned code 1-2-3-4 by the controllers for use &ring parachute jump operations. 
It  should also be noted that the pilot of the Cesna  had frequently been 

Consequently, the pilot believed that this cles e permanently s i g n e d  code and that by 
merely squawking 1-2-3-4 positive radar identification w a s  provided for the aircraft. This 
misconception created an unsafe condition in that it provided a false sense of security for 
the Cessne pilot. 

the Cessna and observed no conflicting traffic for tlir U S .  716. The non-ModeC Titer 
The Sector 14 controller did not recall having seen a target associated with 

button was not activated thereby eliminating radar target display of Ron-Mode-C 
equiwed aimxaft. if the non-Mode-C filter key had been activated, the  radar return of 
tk Cessna would have been continuously visible on the display. Even this would not 
necessarily have alerted control personnel td a potentisl conflkt since they woule have 
expected eU non-Mode-C targets to be below 12,500 feet. However, if the accident 
aircraft had been equipped with a Mode-r", transponder, the controller's radar &splay 
would have depicted the aircraft as a specific target includir:g a data block containing 
three digit altitude information and a four digit transponder code. This would nave 
provided ample information which the controller could have used for separating the  jump 
aircr,ft from any conflicting traffic. 

'was provided by Sky's West 23 minutes before their first flight of the day rather than 
The information necessary for the Flight Service Station to issue a NOTAM 

FSS, was required &o be treated as a HOTAM with loca! distribution but was  merely.posted 
1 hour before, as required by FAR 105.23. The notification, once received by the Denver 

on the  FSS weather board. 

The FSS team supervisor stated that he believed t h e  NOTAM pertained to the 
Ft. Collins Yankee jump area (about 10 nmi north of Ft. ColEInsiLoveland). The Yankee 

pblished by the National Oceanic and Atmospheric Administration (NBAA); the 
area is listed in the U.S. Flight Information publication, "Airport Facility Directory," 

supervisor, therefore, believed that distribution of the NOTAM was not required. 

Facility Directory, either Sky's West or any F A A  facility could have had the area listed 
Since ehe Ft. Collins/Lovehnd area clearly qualified for listing in the Airport 

and thus have clarified the location of the active jump area. Based on the testimony of 

conrrol procedures he employed. The NOTAM wmld only have served to notify the 
the controller involved, knowledge of the NOTAM a t  his sector would not have altered t h e  

Flight 716 involved in the accident requested any NOTAM information from the FAA on 
controller to expect a capl from a jump aircraft. There is no evidence that Air U.S. 

the day of the accident. 
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. specified distance from airways or in congested airspace. (This accident wcurred about 1 
The Safety Board believes that the FAA should prohibit jumping on or within 8 

International Airport.) 
nmi off airways, in airspace normally used for aircraft departing Denver's Stapleton 

Additionally, the Board believes tha t  FAA should direct their ATC facilities to 
notify the appropriate General Aviation District Office when any of its control facilities 
become aware of violations of regulations or safety issues concerning parachute jumping. 
Had this occurred prior to the  accident, a better understanding of their respective 
responsibilities on the part of the jump school operator and the FAA facilities would have 
been effected. 

In view of the i~o rma t ion  developed during the investigation of this accident, 
the Uni ted  States Parachute Association should immediately make its membex aware of 
this accident and encourage them to communicate on the aircraft radio with t he  control 
facility having jurisdiction of the airspace in which the  jump is to be initiated. This 
communication shollld include a request for VFR traffic advisories as soon as practicable 
after ;akeoff and should be accomplished in addition to the 5-minute notification required 
by FAR 105.14. 

T k e  Board also believes thst the intent of FAR 105.14 would be better served 
if 105.14 (a) (1) (ii) were to require that radio communication be established between the 
jumy aircraft and the air t a f f i c  control facility having jurisdiction of the airspay 

FAA air traffic cmtrol facility or FAA flight service station." It showd Se noted tha t  the 
which the jump is to be initiated. The present regulation permits cont*-*ina %e -nearest 

airspace in whicn the jump is to be conducted. Moreover, the regulation in its present 
nearest facility mag not necessarily be t h e  facility having control jurisdiction over t he  

satisfied the requirements of the regulation. However, t he  flight service station would 
form would have allowed Sky's W e s t  t o  have contacted a flight service station w d  

not have been able to provide traffic advisories. 

airspace and descending into another facility's airspace, the  regulation should provide that 
To cover the situation of a jump being initiated in one control facility's 

the aiirspace in which the jump is to be initiated. Air Traffic Control Handbook 7110.65B 
rhe facility contacted should be t h e  air traffic control facility which has jurisdiction of 

should then be revised to require that the controller in communication with the jump 

jurisdiction over the airspace into which jumpers will descend. This would then enable a 
aircraft, when the jump is initiated, coordinate with the control facility having 

jumpers, and all p0:en:iaIly conflicting aircraft involved. The Board believes that these 
complete exchange of traffic information between the pilot of the  jump aircraft, the 

changes to FAR 105.14 would enhance aviation safety, 

protection to parachute jumpers from collision with transiting aircraft. However, the 
The Board recognizes that the primary intent of Part io5 is to provide 

circumstances of this accident dramatize the fact that an aircraft in a parachute jump 
operation is in effect an "elevator in ths sky." It is generally not "straight and leve? but 
is circl;ng in a dimb os descent attitude. This reduces cockpit visibility and makes the 
sighting of other potentially conflicting traffic more difficult. Because of the large 
number of such operations anntraUy, the  Safety Board b&ieves that the attendant safety 

should be &ed to indud2 an increased level of safety via traffic advisories while a 
prevision is of significant magnitude. Accordingly, we believe the compass of Part 105 

jump aircraft is proceeding to and &psrting from the  location where jumpers are 
relee&. 



2.3 YityFactrxs 

2.33 P ~ F a c ~ ~ P h o t o g h a l d s  

nightcrew's field of view with respect to the target aircraft. The photogPap& Were 
The binocular photographs reproduced in appendix D approximate the 

prozuced using design eye reference points, E/ smoothed aircrsf? flight paths, computed 
aircmft attitudes, acd flight path eng1es. ~ l l  four of the above items are variable and 
have some inherent unc&-taintics and errors. Further, the resultant field of view does not 
directly account fcr pilot seat adjustment, slouching, or r?orrnal head movement either 
S i n g u k ~ y  or in combinati-XI. Notwithstanding :he limitations of the binocular 

approximation of the field of view available to the cockpit crewmembers and, as slach, 
photb,mtphs cited above, the Safety Board Mieves they provide a valid and a w u a t e  

ilevelcped 
provide an appropriate baseline from which a rational analysis of visibility factors can be 

-W TU-2'06 

the view of the Jetstream would have been unobstructed and within the binocular vision 
Examination of the photographs taken from the pil&% w i t i o n  indicate that 

envelope of the windshield. If the pilot's eyes we*e in B pos i thn  1 inch ahove the design 
eye reference point, the Jetstrean target woulti have been present within that vision 
envelope in the lower right hand corner very near the glare shield for a period of at least 
about 120 to 15 seconds before the collision. The pilot's seat was found adjusted to the 
f*lll-up position. Had the pilot's seat been adjusted forward of the reference point, the 
over-the-me visibility would have been increased. Conversely, if the seat was located 
a f t  and/or below the reference point, the  visibility near the lower edge of the windslaield 
would have been les, due to the position of the instrument panel glare shield. 

Jetstream. The pilot stated that he was not l&ag for traffic and was in a climbing lef t  
There were several reasons why the Celasna pilot did not clbserve the 

~ ~ l l l  with his attention focused on the grourxl as he approached the jump =ea. He also 
stated that he was looking at the airpart and his rektionsttip to the drop zone. Clearly, he 
was not nncerned about scanning the sky for potential traffic. Also, the pilot, as wei l  as 
personnel at the jump scho~1, &eliev@d that t3ey were b e i n g  protected by ATC while flying 
in the drop zone even thotgh the pilot had not notified ATC of the accident flight. The 
Safety Board believes ihxt the Ce.sna pilot had a responsibility to insure that the airspace 
in which this operation w a s  to be conducted was clear of any traffic or other hazard. In 
this respeet, it would have txen prudent foc this pilot, while in the climbing turn over the 
drpp me,  to heve deared the area by periodically lowering the nwe of the aircraft, 
Ievcliing the wings and intently scanning the airspace around the aircraft to see if there 
was any potentiat conflicting traffic that could in any way be hszardow to this opemiion. 
The Cessna was struck from behind 89 it wns turning. The binocuk phGtOgrapb show 
that the Jetstrean was  completely out of view of the Cessne for about the last 60 seconds 
(3.5 to 4 nmi) before the colliion. 

Hanmey Pege HP-X37 

The CeSm 89 pra?Sented to the captain and first officer, assuming they were 
Sested at the design eye reference point, would have been unobstructed and dearly and 

The mrua target would have been present very near the vertical zero reference point 
urnistakeably wi:hia the binocular vision envelope of both crewmember's windshields. 

%/ "Design Eye Reference Position" is defined by FAA Policies contained in Civil 
h rcneut ics  Xanual (CAM) 46351-3CS1. 
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from about 60 to  15 seconds before the collision for t h e  first officer and from about 60 20 
30 seconds before the collision for the ceprain. Variations in eye placement forward or 
aft of the eye reference point would not have taken the Cessna outside the pilot's 
binocular vision envelopes. Due to the Cessna's proximity to the verticai zero reference 
point, vertical seat adjustment also would not have removed the Cessna from the pilot's 
binocular vision envelopes. The Jetstream Bightcrew had not been advised by ATC of any 
air traffic, and therefore, probably were not scanning for a specific target. 
Nevgtheles, the difficulties of target detection and recognition must be considered in an 
effort to explain why the Cessne went undetected. 

Effects of Teruet Size 

Target size is a consideration in this accident in light of the Cessna's 
okservable &?gular size. The Cessna TU-236 is 28 feet Long and its fuselage height is 

point, the visual angles of the Cessne's foreshortened length (VAL) and height (%'AH) were 
about 4 feet. From the Jetstream's vantage point, very near its va-tical zero reference 

caculeted at 3 points, 15 seconds apart and begiming 45 seconds before the collision. 

surface area of the Cesna  was presented to t h e  Jetstream. The visual angles are as 
Pitch and roll attitudes of the Cessna were not considered. Thtis, virtually no wing 

follows: 

45 seconds 30 seconds --- 15 seconds 

VAL = .14O VAL = .07O VAL = .zoo 
VAH = .Oso VAH = .34O VAH = .07O 

Similarly, the visual angles far the Fesna viewing t h e  Jetstream were 
determined at the only three p i n t s  &wing the t ime the Jetstream was in the pilot's 
binocular vision emelope. The three points were at 120, 105, and 90 seconds before the 
collision. The Jetstream is 47 feet long and 6 feet  high and w a s  viewed nearly straight on 

attitudes of the Jetstream and are 8s follows: 
by the Cessna. Visual a n g b  were determined without considering t h e  pitch cmd roll 

120 seconds 105 secmds 30 seconds 

VAL = . O P  
VAH = .0I0 

VAL = .02" VAL = .04" 
YAH = .illo VAH = .Ole 

located in the lower right hand corner of the pilot's windshield very near the giare shield. 
These would have been small targets and as previously mentioned they were 

A review of t h e  binocular photographs indicates tha t  relative motion was 
present as to each of the  viewing aircraft. In the  case of the Jetstream crew, the Cessna 
target traveled directly across their windshields and was preseat in their b i n o d a r  vision 
envelope for ai least 45 seconds. 

23.2 psychophgsiologieal Factors--Target Detection and Rcmgnition- 91 

I 

the target aircraft as presented to the viewing ekeraft's crewl.1embers with respect io 
The binocular photographs described above represent t he  probable location of 

the hundaries of the viewing aircraft's windshield. The information is only part of the 
equation. The presence of a target within a windshield does not assume its detection and 
recognition. The ph;niological and performance limitations of the human eyes in 
- 
- g/ "Human Engineering Gzde  to Equipment Design," Editors: Harold P. Van Cott, Ph.D., 
and Robert G. Kinkade, PhD., 1972. 



-21- 

any in-flight situation are significant in explaining why targets go undetected. TheSe 
limitations and factors singularly or in combmation m, derogate a person% ability to 
datect and recognize a target. Such limitations end failures apply to any flightcrew or 
person, but for this accident they more appropriately relate to the Jetstream fi.iigiatcrew. 
These factors are widely Rnown and have been cited in previous Board reports since 1971, 
dealing with in-flight collision, 

Contrast would have been no problem in this case and should have assisted the  
Je'iiream crew in sightiilg the. Cessna. The predominantly white Cessna would have bee 
at or below the horizon, as shown in the binocular photographs, when viewed from the 
Jetstream during the SO seconds before the collision. Even i f  the h a  WBs slightly 
above the horizon, the nature of tbe assumptions made and the variability of the date used 

Jetstrean against the homogeneous background of the blue sky rather than the darker, 
in producir.g the binoculer photographs, the Cessna would have been viewed by the 

somewhat homogeneous background of the brown and green terrain. (The latter situation 
would have produced the best contrast.) The position of the sun would not have Wr: a 
factor in producing glare. 

While searching a dear sky or a homog-neous field tends to produce a 
condition in the viewer's eyes mown as "ampty field myopia" in which the eyes wi l l  
accommodate or tend to focus at a distance of 30 to 35 feet because specific reference 
points are present, empty field rnyopis was not a factor in this accident. The Jetstream 
crew would have had several points to focus on, such as the horizon, rnourntains, a d  
clouds. 

2.3.3 Pilot Vigil- 

expectaticms in finding a target that he has been alerted to, his physical well-being, how 
The possibility of a pilot's detecting airbome targets depends upon his 

he time-shares the instrument scanning and outside scanning, and the techniques used in 
searching for airborne targets. Obviously, if a pilot assumes that he is protected 5y ATC 
andlor is fatigued, bored, preoccupied, or distracted, his abiLity to sear! the airspace while 
simultaneously watching cockpit displays, flying the aircraft, and monitoring ATC 
communications will be seriously impaired, 

In this accident, there was no evidence to  indicate that the Jetstream pilots 
were fatigued or physically unfit. It  is not possible to determine how much time during 
the final 120 seconds of fdght each pilot could have devoted to outside scanning, nor is i t  
known what each pilot's scanning habits or teehniques might have been. 

A recent NASA study of data from the Aviation Safety Reporting System 

Terminal Controlled Airspace fTCxs) involved one aircraft not b o w n  to ATC. "If As= (ASRS) on near midair collisions IO/ indicated that half of 78 near midair coliisions in 

reports are representative, many pilots under radar control believe that  they will be 
advised of traffic that represenrs a potential conflict and behave accordingly. They tend 
to rei= their visual scan For other aircraft untiii warned of i ts presence; when warned of a 

scanning for unreported traffic." The report contkues: "The ab traffic controller 
conflicting aircraft, they tend to look for it to the exclusi.on of within-cockpit &E& and 

- i o /  "A StuQy of Near Midair Collisions in US. Terminal Airspace," Billings, Graysup, 
Hecht, and Curry, NASA TIM 81225, August, 1980.. 
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cannot inform the pilot of traffic that is not visible on his radar scope, nor can he proxride 
separatioil from such traffic. It is plain that at least some pilots receiving Stagem 
services believe that they will be told about all traffic that represents a threat, yet 
controllers can handle traffic only with regard to threats they can see.. .I9 

A general aviation pilot in one ease study said: 

listening to communications on the frequency than by receiving 
. . . I  have been able to practice more effective collision avoiddce by 

advisories . . . I'm afraid many pilots get a false sense of security when 
under radar control or advisory. . . . Those pilots who do not understand 
them must be taught the limithtions of terminal radar, and of the 

aircraft in TRSA's, -and some intruders in TCA's, are not 
controllers who use it as their primary source of information- Xany 

These aircraft, and many others near TCA boundaries, may represent a 
transponder-equipped; such aircraft are often not visible to controllers. 

threat detectable only by the pilot, and tin& only if he is looking for 
them. The highest level of pilot vigilance must be maintained to avoid 
midair collisions, regardless of the airspace in which operations are being 
conducted and regardless of the ATC services being utilized. No pilot 
should permit himself to be lulled into a f a l s e  sense of security by ATC 
procedures that cannot necessarily guarantee separation under visual 
meteorological conditions. . . . The system of separation assurawe is 
not 'error-proof,' nor, in all probabieity, will i t  ever be. Sepamtion can 

best possible information about all aircraft within their area of 
be assured most effectively by providing air traffic controllers with the 

responsibility; by minimizing flightcrew workload in terminal airspace, 
thus permitting them to maintain the best possible outside surveillance; 

such surveillance, regardless of the services they are receiving. It is 
and by makhg pilots aware of the critical importance of maintaining 

hoped that this study and report will help to increase tha t  level Of 
awareness. . . . 
In summary, the authors of the 1980 NASA study eoncluded tha,: "A variety 

Flightcrew workload, limited visual scan while under radar control, misunderstanding of 
of human and system factors was found to be associated with these near midair collisions. 

the limitations of the AT@ system, and failure to utilize transponders were observed. A 
substantial number of reported near midair collisions in Stage E1 terminal airspace 
involved at least one aircraft not participating in StageM services. For these reasons, 
pilots must  exercise the highest level of vigilance for other traffic, regardless of airspace 
or radar services being utilized." Although the Safety 5 m d  could not determine 
precisely why the Jetstream flightcrew did not see t h e  C-a 205, these conclusions are 

"see and avoid" concept to have prever,ted this collision. The 8afety Board recognizes the 
applicable to the present accident sitwtion as Likely explanations for the failure of the 

inherent limitations of the see and avoid concept and have cited them in numerous Board 
reports irlvolving midair collisions. Although the FAA has published considerable data 
regarding the need for continued pilot vigilance in order to  minimize the colliiion hazard, 
the Board believes that there is still insufficient, detailed information available for the 

concept. Notwithstanding the  above cited limitations, the Safety Beard believes that 
enlightenment of pilots and controllers regarding the limitations associated witn this 

strict adherence by all concerned to  existirg: rules contained in FAR 91 and 105 and 
applieat:i: procedures set forth in the Airman's Information Manual could possibly have 
prevented this accident. 

. 
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3. CONCLUStONS 

3.1 

1. The flightcrews of both aircraft were properly certificated and qualified . . .  
for their flights. . 

2. The aircraft were certificated and maintained in accordance with 
applicable regulations. (Except as noted in appenc?ix C.) 

3. The pilots of both aircraft were required by regulation to "see and avoid" 
each other. 

4. The pilot of the Cesna  TU-206 misunderstood the use of the ATC 
transponder and based on his prior experience at Denver's Stapleton 

word "roger" as an approval by the controller to deviate from ?he 
Airport erroneously, but understmdably, interpreted the meanirg Of the 

Mode-C trensponder requirement above 12,500 feet m.s.1. 

5. The pilot of the Cesna  TU-206 did not establish and maintain ?adio 
eontact wi th  Denver Center as required by Skjj's West procedures. 

6. The Cercsna pilot continued flight to an altitude above 12,500 feet  m.s& 
without a Mode-C encoding altirne?er aboard the aircraft as required by 
FAR 91.24(bx4) and without authorization to deviate from the 
regulation. 

7. The Cessna pilot erroneously asumed that he was protected from 

ATC during the accident flight. 
collisions with other aircraft by ATC even though he never contacted 

8. Had the Cesna Seen equipped with Mode-C, the resaltant target with k 
indication of t h e  altitude of the Cessna would have been presented 
clearly on the controller's radar display. 

9. An untracked, beacon reinforced primary target was presented- on the 
controller's display for about 75 percent of the Cessna's Flght path, but 
was not noted by the  ccntroller. 

10. FAA management personnel at the Denver Center did Rot take decisive 
action when they had kfiowledge of routine parachute jump operations 
being conducted by Sky's West above 1Z,500 feet  withozt Mode-.C 
transponders. 

11. The Flight Service team supervisor did not disseminate the NOTAM on 
the parachuting activity to the Denver Center or to any other facility as 
required by FAA insrructions. 

12. Sky's West and FAA did not initiate any action to have the Ft. ' 
Ccllins/Lovd.and area listed in the NOAA AirporuFacility Directory. 

13. Cesna  TU-206 binocular photographs taken 1 inch above the CAM& 
as ign  eye reference point indicate t h a t  ;ne Jetstream would have been 
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3.2 

a 45-second interval, beginning 120 seconds before the collision, but not 
within the binocular vision envelope of the pilot's windshield for at least 

fQr the last 60 seconds. 

14. Any aft movement of the Cessna pilct's seat would have altered his 
physical constraints to visibility and reduced the binocuiar vision 
envelope. 

15. The Cessna pilot was not looking for traffic prior to the collkiun because 
he was  looking a t  the airport and drop zone. 

16. Jetstream binocular photagraphs teken a t  the  design eye reference point 
indicate that the Cessna would have been present within the binmdar 
vision envelope of both pilots' windshields for about a 45-second interval 
begining about 60 to 75 seconds before the collision. 

17. The physical coxtraints to visibility for the Jetstream flightcrew would 
not have been significantly altered by the flightcrew's seat adjustments. 

18. The Jetstream crew had not been advised of any traffic in its area and 

before the collision. 
may not have been scanning for traffic in any particular sector just 

19. Psychophysiological factors and scanning techniques could have affected 
the Jetstream flightcrew's ability to detect and identify the  Cessna as a 
potential hazard. 

Pwbeble Cause 

of the accident was the failure of the Cessna pilot to establish communications with the 
The National Transportation Safety Board determines that the probable c a w  

Denver Center and his climbing into controlled airspace above 12,500 feet without an 

practice of the Denver Center of routinely condoning Sky% West parachute jump 
authorized deviation from the  altitude encoding transponder (Mde-C) requiremefit, the 

operations above 12,500 feet without a Mode-C transponder and the failure of the pilots 
of both aircraft to "see and avoid" each other. Contributing to the accident was the fact 
that existing regulations do not prohibit parachute jumping in, or immediately adjacent to, 
Federal airways. 

As a result of this investigation, the National Transportation Safety Board 
made the following recommendations: 

--to the Federal Aviation Administration: 

Direct ATC facilities to notify the appropriate General Aviation 
District Office when any of its control facilities become aware of 
violations of replations or safety issues concerning parachute 
jumping. (Class I, Urgent Action) (A-81-163) 
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Revise 14 CFR 105.23 to prohibit pmachEte jump operations in or .. 

near Federal airways and determine ar% acceptable safe distance 
from such airways at which jump operations can be conducted 
without conflict with other air traffic. (Class PI, Priority Action) 
(A-81-164) 

. .  

Establish a special transponder code with an appropriate and 

(Class bI, Priority Action) (A-81-165) 
readily identifiable radar display for all parachute jump operations. 

Revise Advisory CircuRar 96-48B, "PGot's Roie in Collision 
Avoibce"  to include detailed information regarding the 

avoid other aircraft. [Class H, Priority Action) (A-81-166) 
psychophysiobgical factors affecting pilots' ability to see and 

Amend 14 CFR 105.14 to require that a parachute jwnp aircraft 
contact the ai- traffic con:rol facility having jurnisdiction of the 

"nearest FAA air traffic control'facility or FAA flight service 
airspace in which the jump is to  be initiated racier tnan the 

station." (Class II, Priority Action) (A-81-16?) 

Amend 14 CFR 105 to Peguire that the pilot of a jump aircraft 
contact all control facilities having jurisdiction of the airspece in 
which the aircraft will  transit during the operstion for the purpose 
of receiving traffic advisories while proceeding to and departing 
from the location where jumpers are released. This should be in 
addition to  the Pe-Juirement of 105.14 (a) (1) (ii) for a 5-minute 
notification before jxmp operations are begun. (Class II, Priority 
Action) (A-81-168) 

Amend Air Traffic Control Handbook 7110.65B to require LL 

required by 14 CFR 105.14, that the jumpers will descend into 
controller who receives a notification from a jump aircraft, 

another facility's airspace coordinate with that facility so that a 
complete exchange of traffic can be e€fected between the jump 
aircraft, the jumpers, and all potentiaily conflicting aircraft 
involved. (Class II, Priority Action) (A-81-169) 

--to the United States Parachute Association: 

Immediately (1) inform members of the circumstances of t h i  
accident, (2) recommend that members seek VFR traffic advisories 
from the control facility having jurisdiction of the airspace in 
which jump operations will be conducted as soon as practicable 
after takeoff, and that this be done in addition to the "5-mlnute" 
communication required by 14  CFi? 105.14, and (3) advise members 
of the increased level of safety which can be attailr.ed by the me of 
Mode-C transpondex in jump operations at all altitudes. Pubfish 

Association Manual. (Class €I, Priority Action) fA-81-1:O) 
the advisory information in the cext revision of the US.  Parachute 
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BY TEE NATIONAL TRANSPQRTATiGM SAJ%TY BOARD 

/sf  JAMES B. KING 
Chairman 

/sf ELWOOD T. DRIVER 
Vice Chairman 

i s /  FRANCIS If. McADAMS 
Member 

Is/ G. H. PATRICK BURSLEY 
Member 

PATRICIA A. GOLDMAN, Member, did not participte. 

December 17, 2981 

. 



The Safety Board wes notified of the accident about 1930 m Apr?i P'B, iHf, bu 
the FAA's Washington Comrnmnd Center. An invest&&&- from the Boar@s Denver P e d  
Office was dispatched to the accident site immediite8y. An in.vestigath t.e?am W a s  
dispatched from the Board's Washington Hteaeadquarters with operations, human faetom, 
system and structures groups. An Air Traffic Control Spa3cialisB: was dispatched from the 
Boards Chicago Field Office. 

British Aerospace Limited, Cltssna Aircraft Company, the Ro?tessiomi Air Traffic 
Parties to the investigation included the Fe~deraZ Avhlation A&mehninisSatian, 

Controller's Association, Air US., and Sky's W e s t  Parachute Center, kc. 

2. 

A public hearing was heid in ~Orthgh?M, CAlomdo, on May 13, and 14, 1981. 
Parties to the hearing were Fhe Pedwai Aviation Adminisistpation, the Professional Ai, 
Traffic Controller's Association, Ct.ssn~~ Aircraft Compmy, Air US., and Sky3 W e s t  
Parachute Center, Inc. 
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he., and pilot-in-command of Cessrta TU-206, N4862F. He held airline transport pilet 
Pilot David L. Vigen was a part-time pilot for Sky's West Parachute Center, 

certificate No. 2160386 issued on March 27, 1978, with multiengine privileges and 
commercial privileges for airplane single-engine land. He also held a flight instructor 
certificate wit!! ai@ane single- and rnultiengine and instrument airplane authorizations. 
He  h a d  a second &s medical certificate with no limitations issued on January %O, 1981. 

Pilot Vigen had about 4,600 flight hours of which about 1,900 flight hours were 
in multiengine aircraft. He had about 400 flight hours in Ceana 206-type aircraft. 

Part 135 operator He was given a Part 135 VFR proficiency check in a Cessna 206 dmr-ing 
mot Vigen7s past experience includes pilot-in-command duties for an FAR 

June of 1979, with satisfactory results. 

had flown about 30 hours during the past 90 days. 
The president of Sky% West Parachute Center Inc., estimated that Pilot Yigen 

*- 

Air U S  Handley P w  EP-137 

held airline transport pilot certificate No. 15508105 with ratings of airplane single- and 
Captain Ezra J. Lebowitz, age 27, was employed by Air US. in July, 1980. He  

multiengine land and commercial privileges. He also held a flight engineer certificate 
with a turbojet rating. He had a first clas medical certificate dated February 17, 1931? 
with no limitations. 

Captain Lebowitz had a total of 4,784 flying houn of which 1,784 flying hours 
were in Handley-Page Jetstream aircraft. 

He  completed his last proficiency and line checks on February 22, 1981. 

- Fat oifieer 

January 20, 198i, heid comnlercid pilot certificate No. 524749041 with airplane single- 
First Officer Dennis 3. Beavers, age 23, was employed by Air US. on 

and rnultiengine land and instrument ratings. He also held a flight engineer certificate. 

First Officer Beavers had a total of 2,2S0 flight hours of which 210 flight 
hours were in Handley-Page Jetstream aircraft. 

H e  completed his annual proficiency check on January 26, 1981. 

First Officer Beavers poses& a second clasr medicel certificate dated 
Augu3t 15, 198Q, with no limitations. 
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gs. Celeste Reid, age 22, served (1s flight attendant on Flight 716, although . . 

there was no FAA requirement for a flight attendant on this flight. . .. 

. .  
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APPENDIX C 

AIRCRAFT INFORMATION 

Air us. Hm&y-m m-137 

continuoudy by the company since that date. 

Statistical Data 

PpfrCpaEt 

Air U.S. obtained the aircraft in December 1979 and it had been opepated 

AircMft Total Time - 
Aircraft Tot& Landings - 
Company Serial No. - 

The aircraft was' equipped with two Garrett AiResemch engines, M o d e l  

3,795.3 hours 
3,791 

238 

TPE-33l-U-303V, and two Hartzell Propellers, Model HCB3TN-SP. 

Powerplants - Left Right 

Serial Numbw 
Date Instal led 
Time Since Yew 
Time S h e  Hot Section Inspection NIA 
Cycles Since Hct Section Inspection 
Time Since Overhaul 2783.4 hours NIA 
Cycles Since Overhaul 257 2 NIA 

P03158C P32005 
1-21-81 3-8-81 
7978.9 hours 5776.6 hours 

NIA 212 
298.7 hours 

Propellers - 
k i d  Number 

Time Since New 
Date Installed (New) 

- Left 

BV4642 
11-21-80 

BV4643 

1108.4 hours 
11-21-80 
1108.4 hours 

Sky's W e s t  Ceesna TU-206 

Sky% W e s t  obtained the aircraft in July 1980, and from that date maintenance 
checks and inspections were completed within their speci2ied time limits. The 
Airworthiness Directive ccmpliance list did not show that. the following AD'S were 
complied with: 

AD-70-14-07 
AD-71-24-04 
AD-80-06-05 

Teiedyne Continental Fuel Injection Pump. 
Cesna Flexible H o s e s  Engine Compartment. 
Slick Electro Magneto Impulse Couplings. 

In reference to the noncompliance with the above AD'S, the Sky's West mechanic submitted 
the following statements: 
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AD-70-14-07 Teledyne Continental-Fuel Injection Pump. 

The engine was overhauled twice since issued. Unknown to the 
undersigned whether or not compliance was ever accomplished. The 
ovshauls were accomplished prior to our taking contrcl of the aircraft. 

AD-71-24-04 Cessna Flexible Hoses Engine Compartment. 

This was complied with &ring the 100- hour  inspection and not recorded. 

AD-80-06-05 Slick Electro-Magneto Impulse Couplirigs. 

mag  status unknown. 
Left mag was ovwhauled M a r c h  1981. Compliance not recorded. Right 

The reccrds also revealed that the ATC transponder had not received a check 
since Decemtier 5,1977. The check is required every 24 calendar mor.:hs. 

repaired and replaced on M a r c h  27, 1981. The records did not indicate that the compass 
The records also showed that the magnetic compas hed been removed, 

was checked for accuracy after installation. 

Statistical Data 

Last 100-Hour Inspection - 3203:61 Hours 4-10-81 
Aircraft Tot& time - 3222:31 Hours (Tach Time) 

Last Annual Inspection - 
Engine Type - 2803:ll Hours 7-17-80 

Propeller Type - 
Continental, M o d e l  TSIO-52OC S/N 140216-6C 

Engine Total Time - McCauley Model D2A34C78-TV SIN702739 

Propeller Total time - 
'i54:28 Hours since major overhaul 
1012:3 Hours 



CALCULATED FLIQHT PATH OF HP-tl7 

O E Q R N  

SIDE WINDOW 

j 
i 

NOTE: BLACK AREAS REPRESENT OBSlROCTED VISION. 
SHADED AREAS REPRESENT YONOCULAR VISION. 
CLEAR AREAS REPRESENT BINOCULAR VIS)ooI. 

i THE ACCURACT OF THESE ILLUSTR~TIONS IS 
I 

i 
I LIMITED BY THE PROCESS BY WHICH THE 

ILLUSTRATIONS WERE PROPUCtD. THAT Is, THE 
ILLUSTRATIONS PER€ PRODUCIED FROY 

vaar.rTr FROY LEFT SE&T ONE INCH A8OvE OESIQN EYE REFERENCE POINT 

~~~~~ ~~~ 

TRAClNaS OF THE ORIQWAL BliNOCUUR 
PHCTDQRAPW. 

COCKPIT VlSlBlblW 
CESSNA TU-2QBA 

VIEWiNG HANDLN PAQE HP-137 

t 

. 



O T e  BLACK AREAS RWRESEM OBSTRUCTEB VISlOil. 

CLEAR AREAS REPRESENT BDLOCULAR VISION. 
SH*D€D AREAS REPRESENT SONWXLAR VISION. 

TME lCCuRIlCY OF THESE LLUSTRATONS IS LIMITED 
BY M E  PROCESS SI WHICH ?HE UUSTRATONS W E  PRODUCED. 
TKAT ZE. THE IUUSTRATO#S XEFlE PAOEUCW FROM TRAWNQS 



VISIEEITY mom RIGHT SEAT D E S N ~ N  M REFERENCE POINT 

COCKPIT VlS95lLlTY 
HANDLEY PAGE HP-I37 

VIEWING CESSPIA W-2QbiA 

. 1 
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APPENDS E 

PEDERU AVIATION REGULATIONS PART 7L5 

Federal Aviation Regulation Subchapter E, Airspace ?art 71.5 defines the  

corridor the centerline of which is defined by radio navigational aids) as follows 
extent of Federal Airways (a control area CT portion thereof established in the form Of a 

(a) Each Federal airway is based on a centerline that extends from 
one navigational aid or intersection to mother navigationd aid (5r 
through several navigational aids or intersections) specified for that 
airway. 

(b) Unless otherwise specified in Sibpart 5 or C lo/ 

boundary lines 4 miles each side of the centerline. Where an airway 
(1) Each Federal airway includes the airspace within paralid 

changes direction, it includes that airspace enclosed by extending the 
boundary lines of t he  airway segments until they meet. 

51 miles fron either of the navigational aids defining that segment, and 
(2) Where the changeover point for an airway segment is more than 

the airway includes the airspace between lines diverging at angles of 4.5O 
(i) The changeover point is midway between the navigational aids, 

from the centerline at each navigational aid and extending uiitil they 
intersect opposite the changeover point; or 

(ii) The changeover point is not midway between the naV;.gationai 

of 4.5 from t h e  ceaterline at the navigation& aid more distant from the 
aids, the airway includes the airspace between lines diverging at angles 

changeover point, and extending until they intersect with the bisector of 
t h e  angle of the centerlines at the changeover point; and between lines 
connecting these points of intersection and the navigational aid nearer to 
the changeover point. 

(3) Where an airway terminates at a point or intersection more 
than 51 miles from the closest associated navigation& aid i t  includes the 
additional airspace withh lines diverging at angles of 4.5" from the 
centerline extending from the  associated navigational aid t o  a line 
perpendicular to the centerline at the termination point. 

circle centered at the specified navigational aid or intersection having a 
(4) Where an airway terminates, i t  includes the airspace within a 

diameter equal to the  sirway width at that point. However, an airway 
does not extend beyond the doniestic/oceanic control area boundary. 

k )  Unless otherwise specified in Subpart B or C 
(1) Each Federal airway includes that airspace extending upward 

from 1,200 feet abave the surface of the earth to, but  not including, 

limits. 
13,000 feet  MSL, except that Federal airwaqs for Hawaii have no upper 

- IO/ Subparts B ard C not pertinent to this accident. 
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APPENDIX H 

PROBABLE GROUND TRACKS 

a 
0 

n 

PROEIABLE GROUND T R A C K S  
2 2 : 5 9 : 1 7 . 0 - 2 3 : 0 1 : 1 7 . 0  

Q TU296 

9 22:59:17.0 
A HP137 

X 22:5¶rA7.0 
Y 23:00-'7.0 
X 23: 00: 47.0 
% 23:01:17.O 

X F O R T  C O L L  I N S  L O V E L A N D  



SCALE: 'C--16-.t= 500' 

1. Wing Skin 206 
2. Tail Cone Skin 206 
3. Control Surface Skin 206 
4. Tail Cone Skin 206 
5. Tail Cone Skin Af t  Left 206 
6. Cold Air Inlet R t  206 
7. Control Surface Skin 206 
8. Taii Fairing Skin 206 
9. Control Surface Skin 206 

11. Rudder 205 
30. Tail Cone Skin 206 

11A. Door 206 
12. 
13. 
34. 
15. 
16. 
17. 
18. 

20. 
19. 

21. 
22.  
23 .  
24. 
25. 
26. 
n. 
28. 
29. 
30. 

~~~ ~~~~ 

Rudder Tip 206 

Tail Cone §kin 206 
Helmet Foam 206 

T i i i  Cone Piece M6 

Tail Cone Skin 2X 
Blue Strap (Unidentified) 

Af t  Tail Cone Skin XI6 
Lt Lower Wing Skin 2(16 

Tail Cone Skin 206 
Aft Tail Cone Skin 206 

Tail Cone Parr 206 
Raar Window ZOS 

Rear Door Wind Scren 206 

Tail Con0 Part 206 
Tail Cone Skin 2L?6 

Rear Window Piece 206 
Tail Fairing Piece 206 
Dorm1 Fin M6 
Wing Root Fairing 2% 

31. 
32 .  
33. 
35. 
35. 
36. 
37. 
38. 
39. 
40. 
41. 
42.  

Aft  Left Wing Tip 206 61. 
Belly Skin Antenna Loop 236 62. 
Helmet Part 206 
Wing Skin Hi' I37 64. 

63. 

Wing Skin 206 65. 
Helmet 66. 
Left Wing Tip Piece 206 67. 
Vertical Fin 206 68. 
Plywocd 206 
HP 137 Wing Skic  

69. 
70. 

Rea< Window 206 71. 
P!vwood 206 72. 

HP 137 Wing Skin 
HP 137 Wing Skin 
7'ail Cone Faring 206 
Tail Cone Skin 2% 
Oxy Filler 206 
Aft Cabin Window Frame 206 
Cowi Flap 2% 
Rudder Part 206 
XP 137 Skin 

Tail Cone Part 206 
Lower Rudder Rib 206 

Tail Cone 
43. MP 3 7  Wing Skin 
44 .  Mav Light Seal HP 137 
45. Wing Tip Closeure Rib 206 
46. Front Windshield 206 
47. Bft Cabin Skin 206 
48. Belly Skin 206 
49. Belly Skin 2% 
50. HP 137 Wing Skjn 

5 2 .  Aft  Fuselage Skin 206 
51. Emp. Leading Edge 206 

53. Aft  Fuselage Skin 206 
54. Left Wing Tip 206 
55. Left Wing Tip 206 
56. Windshield Part 2oF 
57. Windshield Part 206 
53. Lower Wing Skin 206 

59. Wing Root Lug R t  Mti 
59A. Wing Root Lug 206 (Left) 

60. Horizontal Stabilizer 206 

73. Box206 
73A. Box 206 
74. Tail Cone Part 206 
75. HP 737 Aileron Leh (Parti 
76. Door Part 206 
77. Lf Outboard Wing Section 

HP 137 
78. Elevator Control Box 206 
79. Lt  Wing206 
tie. Closure Rib206 
81. A t  Wing. Cabin Top, Lt-Rt 

Fired Cabin Side 206 
82. Aft  Cabin Skin 206 
83. Seat206 
84. Headphones 206 
85. Safety Belts 2 Pair 206 
86. Wing Leading Edge Piece HP 737 
87. MP 137 Front Spar Web. Lt Wing 
88. HB 137 Aileron Section Lt. 



' 2 0 6  NOSE SECTION 
COORDINATES: 
LAT. 40025'40" N 
LON. 104058'45'' W 
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